Abstract This study investigated the prevalence of microbiological contamination in commercial Saengshik products (samples SP-1 to SP-12) from the Korean market, and identified their irradiation status. SP-2, SP-8, and SP-12 showed less than 3.66 and 1.10 log colony forming units (CFU)/g in total plate and coliforms counts, respectively, while the remaining samples showed more than 4.70 and 2.35 log CFU/g, respectively. Four samples were positive on some of foodborne pathogenic bacteria (Clostridium perfringens, Escherichia coli O157:H7, and Bacillus cereus). SP-2, SP-8, and SP-12 contained no pathogenic bacteria and were suspected to have been irradiated. They were confirmed as positive using photostimulated luminescence (PSL) analysis. PSL positive results on samples SP-2, SP-8 and SP-12 were finally confirmed by the authentic thermoluminescence (TL) analysis on the basis of TL glow curve shape, intensity, temperature range of TL peak maxima and TL ratio (TL 1 /TL 2 ).
Introduction
Saengshik is a formulated uncooked food popular among health-conscious people in Korea [1, 2] . According to Ministry of Food and Drug Safety (MFDS) [3] , saengshik consists of group of food components in uncooked form such as, liquid, paste, bar, gel, granules or other food types of animal or plant origin. Sageshik processing involves drying which is used as such or usually mixed with water or other materials. Raw materials for saengshik, such as whole grains, legumes, fruits, vegetables, seeds, beans, seaweeds, mushrooms, and other natural ingredients, are pulverized after drying and then blended. Thermally-labile minerals, vitamins and phytochemicals along with digestive enzymes present in saengshik powder products are preserved owing to non-thermal processing of saengshik [1] [2] [3] . Kim et al. [4] regarded saengshik as an effective antidiabetic supplement after studying inhibitory activity of 26 ingredients in saengshik against a-amylase and a-glucosidase. Saengshik improved the liver protective effect in CCl 4 -induced hepatotoxicity in mice [2] . In another study, saengshik was shown to alleviative the side-effects of chemotherapeutic anti-cancer agents in mice, suggesting that saengshik might be helpful in cancer patients receiving chemotherapy [5] .
Microbial contamination of saengshik products is possible because no heat treatment is used during the manufacturing process. Commercial saengshik products in Korea were previously found to be contaminated with foodborne pathogens, such as Bacillus cereus, Clostridium perfringens, and Escherichia coli [6] [7] [8] . However, some raw ingredients for saengshik, such as pulverized grains, legumes, and mushrooms, are allowed to be treated by ionizing radiation (gamma-rays and electron beam) at a dose of up to 5 kGy, according to the Korean Food Standards Codex [9] . Therefore, it is possible that saengshik manufacturing companies in Korea might use irradiation technology (non-heat processing) to reduce microbial contamination in saengshik products.
Mandatory labeling is being enforced by regulatory authorities in many countries, including Korea, to promote marketing of irradiated foods and to ensure consumer's choice about selection of irradiated foods and non-irradiated foods. Irradiation facilities are also required to follow related regulations for the processing of food materials [10, 11] . For example, according to European legislation, labeling of foods or food ingredients is mandatory and each Member State has to carry out necessary checks every year on irradiated foods at the marketing stage [12] . In this context, effective and reliable identification methods are of prime importance to check conformance with applied regulations [13] . Photostimulated luminescence (PSL) [14] and thermoluminescence (TL) [15] have been adopted as the standard methods (for screening and confirmatory analysis, respectively) by the European Union, and are also endorsed by the Korean Food Standards Codex, to detect various irradiated foodstuffs [16] [17] [18] [19] [20] .
This study was aimed to analyze the levels of microbial contamination in saengshik products available in the Korean market. Commercial samples were evaluated for total plate counts, yeasts and molds, coliforms, and foodborne pathogenic bacteria such as C. perfringens, E. coli O157:H7, and B. cereus. Direct epifluorescent filter technique/aerobic plate count (DEFT/APC) microbiological screening analysis was performed to investigate the predecontamination treatment of unknown samples. The potential of PSL and TL luminescence-based techniques was evaluated to determine the irradiation status of commercial saengshik products.
Materials and methods

Sampling and microbiological analysis of saengshik products
Twelve saengshik products (named SP-1 to SP-12) from different manufacturing companies were bought from three local markets in Daegu or Seoul in Korea, in their original polyethylene packing containing of 30-40 g, in July 2013. All samples were analyzed for total plate counts, yeasts and molds, and coliforms. A 10 g powder aliquot was taken aseptically from each sample and mixed with 90 mL sterile peptone water for 90 s using a stomacher (BA 7021, Seward Medical Ltd., Worthing, UK). Subsequent dilutions were prepared and plated on plate count agar (BD Difco TM , NJ, USA) for total plate counts, potato dextrose agar (BD Difco TM ) acidified with 10% tartaric acid) for yeasts and molds, and desoxycholate agar (BD Difco TM ) for coliforms. Microbial counting was performed for 24-48 h after incubation at 35-37°C for total plate counts and coliforms. Colony counting for both yeasts and molds was performed after three days after completion of incubation period at 25°C.
All samples were analyzed for C. perfringens, B. cereus, and E. coli O157:H7. Pathogen C. perfringens was grown in anaerobic culture in a cooked meat broth for 18-24 h at 35-37°C. The enrichment broth was inoculated on C. perfringens agar (BD Difco TM ) base containing egg yolk and kanamycin (200 lg/mL) or tryptose sulfite cycloserine agar (BD Difco TM ) containing egg yolk and incubated at 35-37°C for 18-24 h under anaerobic conditions. Yellowish colonies with bumpy rings (diameter, 2 mm) on C. perfringens agar base, and colonies with grayish turbid rings on tryptose sulfite cycloserine agar (BD Difco TM ) were identified. Confirmatory tests were conducted according to a previously published method [21] . For B. cereus detection, 10 g of sample was homogenized with 90 mL phosphate buffered saline and one loopful was streaked onto mannitol egg yolk polymyxin agar (Oxoid, Basingstoke, UK) with 10% egg yolk emulsion and B. cereus selective supplements. After incubation at 30°C for 24 h, presumptive colonies (rough and dry with a bright pink background, surrounded by an egg yolk precipitate) were streaked onto nutrient agar (BD Difco TM ). Colonies from nutrient agar were subjected to b-hemolysis and motility tests. The presence of B. cereus was confirmed using an analytical profile index (API) CHB/E kit (Biomerieux, Boston, MA, USA). For E. coli detection, 10 g of each sample was cultured in modified mEC broth (Oxoid) containing novobiocin supplement for 24 h at 35°C. Colonies were subjected to biochemical tests, which included Kligler iron agar, and indole and oxidase tests. The presence of E. coli was confirmed using an API 20E kit (Biomerieux).
DEFT/APC analysis
The DEFT/APC microbiological screening analysis was performed according to the EN 13783 standard protocol [22] . The first step of this analysis includes membrane filtration to capture the microorganisms, followed by staining with the fluorochrome, acridine orange. The membrane is then rinsed after staining and fixed on a microscope slide for counting under an epifluorescent microscope [20, 23] . The method is quick and a full analysis can be completed in 25-30 min.
PSL analysis
PSL analysis was performed using a PPSL Irradiated Food Screening System (serial 0021, SURRC; Scottish Universities Research and Reactor Center, Glasgow, UK). The standard method EN 13751 [14] was followed for sample preparation, measurement of photon counts (PCs), and interpretation of the results. Each sample was placed in a 55 9 12 mm diameter disposable petri dish (Green Cross, Gyeonggi-do, Korea) in a uniform thick layer without any specific sample treatment and measurements were performed by employing sample chamber under passive light conditions. The radiation-induced PSL signals emitting per second from the irradiated samples were automatically accumulated by a personal computer for up to 60 s. After every 10 negative results, blank trials were carried out and same was repeated after a positive result. PSL photon counts less than 700 counts/60 s were referred to as negative (non-irradiated), and greater than 5000 counts/60 s were recorded to be positive (irradiated) [14] . The revised standard EN 13751 [14] recommends calibrated PSL measurements to estimate the PSL sensitivity of the sample in cases of doubtful results. After initial PSL measurements, all samples were subjected to a calibration radiation dose of 1 kGy and then processed for second PSL measurements of calibrated PSL. For the irradiation treatment, all samples were taken to the Korean Atomic Energy Research Institute (KAERI, Jeongeup, Korea) and treated with gamma rays using a Cobalt-60 gamma-ray source (AECL, IR-79, Nordion International Co. Ltd., Ottawa, ON, Canada) at 1 kGy at a dose rate of 2.1 kGy/h at room temperature. Dosimetry was performed using alanine dosimeters with a diameter of 5 mm (Bruker Instruments, Rheinstetten, Germany).
TL analysis
The standard method as described by the EN 1788 [15] was followed to perform the TL analysis. Density separation procedure was used to separate minerals from each sample (100 g). Clean stainless steel discs were used for deposition of isolated minerals and were kept overnight in dry oven at 50°C of temperature. TL reader (Harshaw 4500, Thermo Fisher Scientific Inc. Waltham, MA, USA) was used to record TL measurements at temperature range of 50-400°C with heating rate of 6°C/s. First glow curve (TL 1 ) was obtained from first-read out measurement performed on extracted minerals. Normalization of TL response was carried out by re-irradiating the samples at 1 kGy of dose as described earlier. Once again the discs were subjected to overnight storage at 50°C of temperature in a dry oven. The measurement was performed again in order to obtain the second glow curve (TL 2 ). Throughout all the procedure, full-process blanks were made and sample discs were used to perform measurements. Samples were classified in terms of their status (non-irradiated or irradiated) on the basis of TL glow curve shape, intensity, temperature range of TL peak maxima, and the TL ratio (TL 1 /TL 2 ).
Statistical analysis
All measurements were performed in triplicate (n = 3) and the results were shown as the mean value ± standard deviation. Excel version 2007 (Microsoft, Redmond, WA, USA) and Origin 8.0 (OriginLab, Northampton, MA, USA) were used for the data analysis.
Results and discussion
Microbial contamination of saengshik products A high degree of variability was observed in the levels of microbial contamination among commercial saengshik products from different manufacturing companies (Fig. 1) . Total plate counts ranged from 2.41 to 7.97 log CFU/g. Yeasts and molds were in the range of 3.20 to 6.00 log CFU/g. Coliforms varied from 1.10 to 4.29 log CFU/g. Three samples, SP-2, SP-8 and SP-12, showed less than 3.66 log CFU/g in total plate counts and 1.10 log CFU/g in coliforms, while the other nine samples showed more than 4.70 and 2.35 log CFU/g in the corresponding microbial counts, respectively (Fig. 1 ). E. coli O157:H7 was found in three samples SP-4, SP-5, and SP-9. Two samples, SP-7 and SP-9, were positive for C. perfringens. Pathogen B. cereus was detected only in sample SP-5 ( Table 1 ). The microbiological standards and specifications of saengshik classes established by the Korean Food Standards Codex [3] recommends no detection of E. coli and populations levels of \ 10 2 CFU/g for C. perfringens, and \ 10 3 CFU/ g for B. cereus. The experimental data clearly indicated that saengshik products from some companies available in the Korean market were not microbiologically safe for human consumption. Microbial contamination of saengshik products might have occurred through the inclusion of one or more contaminated raw ingredient or during the actual processing of saengshik in the mixing rooms. Saengshik manufacturing companies are legally responsible to ensure that their products are not contaminated with harmful microorganisms and are therefore safe for human consumption. Hence, there is a need to adopt an improved manufacturing process to enhance the microbiological safety of saengshik. For example, the washing of raw materials with electrolyzed water and ozonated water has been suggested to reduce pathogenic bacteria in saengshik [8] .
Kim et al. [24] investigated the microbial contamination of 230 food products, including cereal-based infant formulas, available in the Korean market. The data showed that some of these food products contained a high level of aerobic plate counts and were also positive for coliforms. B. cereus was detected in 48 samples (20.9%), while Cronobacter spp. was isolated from 10 samples (4.4%). The authors suggested the need to adopt hygienic control measures to improve the safety of these food products.
DEFT/APC results
The DEFT method calculates the total number of contaminating microorganisms in a food sample, irrespective of their viability. The APC method, on the other hand, enumerates the number of viable microorganisms; i.e., those that can form colonies on an agar plate. The DEFT/ APC method, therefore, represents the microbial decontamination of a sample after some previous treatment. When no decontamination treatment is applied, the DEFT counts should be similar to the APC counts because viable microbial cells would be present in the sample. Conversely, the APC counts will be considerably less than the DEFT counts if a decontamination treatment has been used; for example, irradiation processing. A limitation of the method is encountered when there are too few microbes in the sample. In addition, when other treatments, such as heat or chemicals, have been used for decontamination, a similar difference in microbial counts is possible to that obtained by irradiation. Thus, a reduction of viable microbial counts in irradiated foods could only be a potential screening parameter [13, 20, 25] .
The results of the DEFT/APC analysis of commercial saengshik products are provided in Table 2 . The APC counts of three samples, SP-2, SP-8, and SP-12, were considerably lower than the DEFT counts, resulting in DEFT/APC ratios of 3.54, 4.10, and 3.86, respectively. The difference between the DEFT and APC counts is generally 3-4 log units for samples subjected to irradiation treatment. In addition, a DEFT/APC ratio of more than 4.0 indicates the irradiation-based decontamination of a sample. Thus, the difference in APC and DEFT counts and DEFT/APC ratios suggested the irradiation-based decontamination of these three samples. In addition, for the corresponding 1 kGy-irradiated saengshik samples, the difference between the DEFT and APC counts was very high because the microorganisms were inactivated by the irradiation treatment ( Table 2 ). The successful application of the DEFT/APC method has also been reported for the screening of irradiated spices [23] and frozen crushed garlic [25] . The method provided a clear screening of gamma-irradiated cinnamon, red pepper, black pepper, and fresh paprika samples [16] . However, the DEFT/APC method is not radiation-specific and confirmation of a positive result is recommended using a standardized method [13, 20, 25] . [26] to discriminate between non-irradiated and irradiated food Clostridium perfringens -
PSL screening results
PSL analysis was first proposed by Sanderson
Positive samples. Over the years, the PSL technique has gained popularity as a simple and rapid screening approach without the need for any complicated sample pre-treatment [11, 14, 16, 18, 20, 27] . Light is used in the PSL technique instead of heat for stimulation of electromagnetic emission from irradiated mineral debris, typically the silicates. PCs for all samples are shown in Table 3 . Three samples, SP-2, SP-8, and SP-12, suspected of being irradiated according to the DEFT/APC method, presented PCs in the positive PSL range ([ 5000 counts/60 s), and thus were easily screened out as irradiated samples. By contrast, the remaining nine samples were in the negative PSL range (\ 700 counts/ 60 s).
The presence of a low quantity of minerals in food samples and insensitivity to light stimulation could lead to a poor PSL output [14] . Therefore, PSL signals below the lower threshold (T 1 ) can also result from low sensitivity of the irradiated materials. It is recommended that calibrated PSL measurements must be performed in order to avert false negative results. Negative calibrated PSL results serve as indicators of insufficient PSL sensitivity caused by low mineral content. If the calibrated PSL signals were generated in higher proportion as compared to their corresponding negative results, this demonstrates possibly the non-irradiated status of the samples. If the order of the magnitude of the positive calibrated PSL results are lying within the same order as that of screening results, then it was inferred that samples are exposed to irradiation treatment. Positive calibrated PSL results within the same order of magnitude as the screening results are indicative of irradiation treatment. The calibrated PSL signals for all samples were substantially high and exceeded the upper threshold ([ T 2 ), which confirmed the presence of a sufficient amount of mineral debris in the commercial saengshik products. Furthermore, sensitivity was calculated in terms of index by calculating the ratio of calibrated PSL and initial PSL signals. Three samples, SP-2, SP-8, and SP-12, had an index of sensitivity of less than 10, thereby easily classifying them as irradiated samples ( Table 3) . The detection of an irradiated component in blended products, particularly when present at a low concentration, could be more challenging for all detection methods, including the PSL technique. Akram et al. [17] evaluated the applicability of PSL to detect irradiated components in non-irradiated mushroom powders. The PSL results were negative for all blend samples at the lowest 1% mixing ratio, whereas intermediate results were obtained for samples containing a relatively higher 5% or 10% of the irradiated component. Only the sample mixtures containing 10% of high dose (10 kGy) irradiated component produced positive PSL results. Saengshik is a blended product, it is therefore possible that the final product may contain one or more irradiated raw ingredients at various concentrations. In another study, PSL discriminated between irradiated and non-irradiated cinnamon and red pepper powders; however, black pepper powder presented intermediate PSL counts [16] . Hence, the PSL results should be validated using a more validated technique [16, 18, 19, 25, 27] .
TL confirmatory analysis results
TL analysis was performed to confirm the irradiation status of the saengshik products. TL glow curves of isolated minerals are shown in Fig. 2 . The separated minerals from samples SP-2, SP-8, and SP-12 produced a typical first TL glow curve (TL 1 ) with maximum peak at a temperature range of 150-200°C. By contrast, the minerals from the other samples produced a weak TL glow curve with high intensity above 300°C (Fig. 2) . Minerals isolated from irradiated foodstuffs usually produce a glow curve peak in the temperature range of 150-250°C, whereas low natural radioactivity produces TL signals above 300°C in nonirradiated samples [15] . The second TL glow (TL 2 ) was obtained after a subsequent exposure of the already measured minerals on TL discs to a fixed radiation dose of 1 kGy, applied for the purpose of normalization [15] . The TL ratio (TL 1 /TL 2 ) was calculated to confirm the authenticity of the minerals on the TL disks. Three samples, SP-2, SP-8, and SP-12, which were screened as irradiated by the PSL and DEFT/APC techniques, provided a TL ratio of more than 0.1, thus confirming the irradiated status of these samples (Table 4) . These findings are in good agreement with the results of other studies. A number of studies have reported the potential of TL as a confirmatory technique for the authentic identification of a wide variety of irradiated foodstuffs, such as dried red peppers, chilli, black peppers, and black tea [18] , radiation and grinding-induced luminescence properties in wheat flour [19] , fresh mushrooms [27] , different types of sauces [28] , and electron beam and gamma-irradiated frozen crushed garlic samples from China and Korea [25] . Low quantities of irradiated component were also reported to be detected in non-irradiated powders [17] . Gamma-irradiated mushroom in low quantity was mixed with non-irradiated mushroom powder in ratio of 1-10%. The detection in blended samples was possible even at 1% addition of 2 kGy-irradiated powder, by characterizing the TL glow curves with respect to shape and intensity [17] .
Food irradiation has been widely studied to improve the microbial safety of food products [10] . In the present study, the three saengshik samples that were confirmed as irradiated by the applied techniques (DEFT/APC, PSL, and TL) were negative for C. perfringens, E. coli O157:H7, and B. cereus, clearly indicating the potential of irradiation processing in reducing foodborne pathogenic bacteria in such food products. International organizations, such as the IAEA, WHO, FAO, IFT, EFSA and many others have declared food irradiation is a favorable option to ensure food safety without any danger associated with the consumption of these irradiated foods [12, 29] . In recent years, the quantity of irradiated foods has significantly increased in Asia and the United States; however, it has decreased in the European Union [30] . The application of irradiation technology is still limited on a commercial scale because of an asserted negative public perception. Furthermore, regulatory authorities around the world require proper labeling of irradiated foods, and the irradiation treatment must be carried out at accredited facilities [10] . Nevertheless, a huge quantity of irradiated foodstuffs enter into the European Union market without having the ''Radura'' mark or printed with words such as, ''treated with irradiation'' [12] . In Italy, an accredited laboratory carried out analytical controls on 451 different foodstuff samples during period of 2006-2011. Four different approaches for screening and confirmatory purposes were employed: PSL, DNA comet assay, TL, and electron spin resonance (ESR) spectroscopy [12] . Eighteen samples demonstrated non-compliance and these non-compliances comprised both incorrect labeling and the irradiation processing taking place in approved facilities of European or third-world countries. In China, the irradiation status of 133 commercial food samples, including spices, dehydrated vegetables, and fruit, was investigated using the TL method, and 30 samples (22.6%) were proved to be irradiated [31] . In present study, the saengshik samples SP-2, SP-8, and SP-12 from three different manufacturing companies available in the local markets of Korea were confirmed as irradiated but were non-compliant with the mandatory labeling requirements.
In conclusion, some saengshik products commercially available in the Korean market contained a high level of total plate counts, yeasts and molds, and coliforms. Foodborne pathogenic bacteria including E. coli O157:H7, C. perfringens, and B. cereus were detected from four products. The PSL and TL techniques effectively identified the irradiation status of all samples. Three of the twelve samples were identified as being irradiated without any statements on treatment. Proper labeling or statements of irradiated food will provide the consumer with its free choice. No heat treatment is used for manufacturing of saengshik products. Irradiation of raw materials like cereals, legumes, and their powders with gamma ray and electron beam is currently permitted by the Ministry of Food and Drug Safety (MFDS), which can be an effective intervention strategy for securing the microbial safety in saengshik products in compliance with existing labeling regulations [3] . 
